SUBSTITUTE SPECIFICATION 
U.S. Patent Application No. 10/633,639 

DOMESTIC PRIORITY INFORMATION 
[0001] This application claims the benefit of the Korean AppUcation No. P2003-40312 filed on 
June 20, 2003, the entire contents of w hich isare hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a method for measuring thickness of an optical dis c, and 
mor e particularly, to a m e thod for m e asuring thiclai e ss of an optical dioo from a position of a 
p e alc value of a refl e ctiv e light in an int e rf e renc e ar e a obtain e d from Fast Fouri e r Transform 
(her e inaft e r r e f e rr e d to as FFT) of a r e fl e ctiv e sp e ctrum at on axis being refl e ct e d by a r e fl e ctiv e 
ind e x as a fimction of wav e l e ngth.^ 
Description of the Related Art 

[0003] Until th e pr e s e nt, th e r e ar e Various recording medi a exist, such as a magnetic recording 
tape, a Laser Disc (LD) and a Compact Disc (CD) as optical discs, and a Digital Video Disc 
(hereinafter referred to as DVD) witb- ^that have the capacity to record vast amoxmts of 
informatio n r e coding capacity . Since the optical dis c among th e, as compared with other 
recording media^ utilizes a different d igital recording syste m diff e r e nt from previous magnotio 
r e cording tap e and has v e ry small volume and au s light weight, th e optical discM d is convenient 
to keep and carr y so that a us e r pr e f e r s , many users prefer the optical disc meF eover other 
recording mediu mm edia . 

[0004] Moreover, according to a tr e nd of hig hr ecording media are under development with 
hi gher density and h^^aidg^ integratio n toc e th e r with d e velopment of industr y . For example , a 
Blu-ray Disc (BD) as a High Density DVD (HD-DVD) with integration high e r than the present 
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DVD is und e r invostigation and developm e nt. How e v e r, any product should b e us e d without 
e rror, and if the quality of th e product d e t e riorat e s, a malcer who manufactur e s th e product loses 
his r e liability. — This cas e caus e s mor e s e ri e s probl e m in th e optical disc havin gh as a higher 
integration than current DVDs. 

rOOOSl As new optical discs are developed, methods for manu facturing these products are also 
bging developed and improved. Production of a reliable and high quality optical disc presents 
unique challenges since minute signal characteristics and bring s associated with inferior quality 
originat e dm ay originate from error o f errors in thickness of a disc, scratch, deformity, 
fing e rprin t scratches, deformities, fingerprints , and attachment of foreign material to the optical 
disc.during manufacturing of the product. 

[00051 Mor e e sp e cially, th Q f00061 In particular, thicknes s variations of a disc is a major factor 
affecting th e productivit yp roduct quality and-fee reliability.,_lhus,-afid it is necessary to 
measure the thickness in real time for processing control induring manufacturin g process . 
[00061 Th ef00071 An optical disc ea nmay be treated a sin a manner similar to a thin film. If the 
thickness of the thin film is under several |im, the measurement of the thickness depends on a 
quantitative measurement such as a thin film analysis by ellipsometry and measurement of 
reflection facto r, and if, ^Jf the thickness of a felativ erelatively thick thin film equal to aador 
greater thatthan several fim is analyzed, it is us e d a m e asurem e nt m e thod for moasuringfl ie 
thickness feenmiay be measured by a vibration period appoaro d appearing in a reflective or 
transparent spectrum due to aan interference effect by th e thin film . 

[0007] At that tim e , the wav e l e ngth r e solving or th e coh e rency of a monoohromator d e teriorates, 
but th e r e is a valuabl e us e of a m e thod fo r lOOOSI The thickness of a thin film may be measured 
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by obtaining a vibration period (or frequency) of the spectrum by the interference and 
determining the thickness of the thin film from the obtained vibration period. However, if- 
thiekas thin film, sino o fihns become thick, the time necessary-tHHe to estimate the thickness of 
the thin film increases b e caus e of appearance of a valu e with larg e p e riod . In order to r e spons e 
to d e mands fi-om the industri e s to wish to r apidly measure the thickness of tbe-thick thin 
fik»films, tbea conventional FF FFast Fourier Transform (hereinafter referred to as 'TFT'') is 
utilized as a rapid measurement fefof the vibration period of the spectrum. 
f0008 ^[00091 Fig. 1 illustrat e s is a schematic construction of conventional apparatus for 




m e asuring th e thiolcn e ss of a thin film.[00Q9] As illustrated in FIG. U according to tho apparatus 
for measuring the thickness of tb ea thin film. 

[00101 As illustrated in FIG. L the apparatus measures the thickness of a thin film by measuring 
a reflectivity spectrum , th e ligh t . Light fi-om a halogen lamp 12 is_projected on a substrate 30 
with a thin film 32 through on e 22 of an optical fibers 2 0 fiber 22 and a lens 2 626. which is 
assigned in_a perpendicular direction^- a with respect to the recording surface of the optical disc. 
Light reflected4i^ from the substrate 20 is transmitted to a spectrograph 42 through the lens 
26 and anoth e r 24 of t he optical fib e rs 20. th e fiber 24. The spectrograph 42 splits the light 
reflected from a surface of a sample on the substrate 30 according to the intensity of each 
wavelengt h, and tho^ _Ihe split light poos into is then directed to an optical measuring element 
arrangement 44 se-that su pphes t he luminance intensity at each wavelengt h is suppU e d to a 
computer 46. The computer 46 can m e asur edetermines the thickness of the thin film by-using-a- 
vari e ty of ways by using th e Ixmiinance intensity information a t each wavelength as spectrum 
data. 
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{OOWUOOlll FIGS. 2A and 2B are views illustrating how a cos e that th e refractive index is- 
gppli e d wh e nm ay be used to determine the thickness i sof an optical disc measured by Siea 
conventional methodT-^FIG. 2A is a graph showing a luminous intensity data spectrum at each 
wavelength BuppU e d to a computer according to the conventional method?-md-. FIG. 2B is a 
graph ofa Fast Fourier Transform of the reflectivity spectrum by usin gb ased on the data of FIG. 
2A. 

[00^ 400121 As illustrated in FIGS. 2A and Q^2B. since can be selected, where ^ is m 
times with respect to a specific wavelength ^ and m-1 times with respect to near wavelength 
/I + AA ^ the thickness d of a specific layer in the spectrum data according to the refractive index 
ea amay be represented by the following equation 1. 
[OQt aO0131 [Equation 1] 
[Q(mO014\ At the condition « A , 
[€01 400151 = mZ = (m- l)(>t + AA,), g^d if expanded, 
[0015] 

[0016] '"'^ = (w - 1)(A + A/l) = mX + mAA, - (A + AA) 
[0017] fnAA, = Z + AA, 

[00181 t herefore, becomes ^'"^ = ^'^ AA)/AA^ 
[001 8 ] whoro, 

[0019] where. = mA = X{X + AX) I AX « A^ I AX = 1/ A(l/ A) 
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[00201 S ince multiplication of 2«<i and ^1^^ is 1 (one), if, in the experiment, a relationship 
function between the reflectivity intensity and ^(^/'^)can be obtained, an FFT function with 
respect the 2n<i corresponding to transform factor of ^(1/^) by taking the FFT wholly. 
100201 Wh e r e[0021] Thus > a d value^ where a peak appears^ is the thickness w e wish t o obtainb e. 
determined . 

10023 4100221 For reference, the description for the FFT is represented to a generalized equation 
as follows. 

[002 200231 A relationship equation between the intensity I and the wavelength ^ becomes 

i=m=g{M\ix))^ 

[00330024] If applying the FFT to both sides, then the equation can be expressed as following 
equation 2. 

[00340025] [Equation 21 
[0025] . 

[0026] = 

[00271 H owever, since the conventional method does not consider the refractive index dispersion 
of thin film material, the gap between peaks decreases gradually. More especially, according to 
the conventional art, there are disadvantages #iat-since the refractive index is varied— by 
depending upon the wavelength, thickness values obtained according to the refractive index for 
dividing a Fourier peak position are varied and reduction of size and increment of a width of 
the peak are caused. 
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[00270028] Thus, since the materials consist of an actual thin film ba shave a wavelength 
d e p e nd e ncy o f dependant on the refractive index, that is, since there is a refractive index 
dispersion of the thin film, the energy difference caused b y the interference between two lights 
at a fi-equency period is not uniform. WithFor this reason, the width of the peak of th e 
fi-equ e noyt hat is obtained ^4iaiusing the Fast Fourier Transform e ffi-om the reflective spectrum 
is wider according to the_degree of the refractive index dispersio n. Furthermore, aad-the- 
m e asuring error for obtainin g in ascertaining the thickness of the thin film because of the 
imprecise position of the peak is incr e aG o increases . Therefore, in order to precisely measure the 
thickness of the thin film, the refi'active index dispersion should be considered. 

SUMMARY OF THE INVENTION 
[002 800291 Accordingly, the present invention is directed to a method for measuring thickness 
of an optical disc that substantially obviat e s addresses one or more problems due to limitations 
and disadvantages of the related art. 

f0029]J00301 An object of the present invention is to provide a method for hi^i-precisely 
measuring the t hickness of an optical disc with a rapid speed by using a position of peak value 
of a reflected light in an interference area obtained by Fast Fourier Transform of a variation of 
refractive index according to a wavelength, that is, a spectrum being reflected with the 
refi-active index as a fimction of the wavelength. 

{0030J100311 Another object of the present invention is to provide an improved method for 
hi^i-precisely measiuing thickness of an optical disc by keeping accuracy of determining a 
peak position as well as preventing the expansion of a width of the peak when the Fourier 
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Transform even when a reflecting film is formed on a substrate at a uniform area ratio by a 
reflective light or multiple thin films are formed on the substrate. 

fOO ^f00321 Another object of the present invention is to provide a method for precisely 
measuring thickness of an optical disc to be applicable not only a reflective index spectrum but 
also any other spectrum vibrated by an interference of a thick thin film such as a transmittance 
spectrum. 

fOO ^f 00331 Additional advantages, objects, and features of the invention will be set forth in 
part in the description which follows and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be learned firom practice of the 
invention. The objectives and other advantages of the invention may be realized and attained 
by the structure particularly pointed out in the written description and claims hereof as well as 
the appended drawings. 

[00 ^00341 To achieve these objects and other advantages and in accordance with the 
purpose of the invention, as embodied and broadly described herein, an example embodiment 
of the invention is directed to a method for measuring thickness of an optical disc by using an 
interference effect of the optical disc layer, includ e s including the steps of detecting an intensity 
of a reflective light according to a wavelength of a light as a spectrum data for each 
wavelength, converting the detected spectrum data for each wavelength into a spectrum value 
as a fimction of a wavelength that a refractive index is reflected, and detecting a position where 
the intensity of the reflective light has a peak as a thickness of a spacer layer and a cover layer 
respectively by converting the converted value into a length of an interference area for 
representing a layer thickness of the optical disc by the Fast Fourier Transfor m. [003 4 ] In anoth e r 
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asp e ct of th e pr e s e nt invention, th e op e otrum valu e as a funotion of a wav e l e ngth that a r e fractiv e 
ind e x is r e fl e ct e d pr e f e rs to be . 

[0035] In another example embQ^imgnt of the present invention, the spectrum yalug as a 

function of a wavelength that a refractive index ig rpflgptgd prgfgrs tQ be ^W^^^^ 
[00361 I t is to be understood that both the foregoing general description and the following 
detailed description of the present invention are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00360037] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this application, 
illustrate embodiment(s) of the invention and together with the description serve to explain the 
principle of the invention. In the drawings: 

[003 ^00381 FIG. 1 illustrates a schematic construction of an apparatus for measuring thickness 
of a thin film of an optical disc according to a related art; 

[003 800391 FIG. 2A illustrates a graph showing a luminous intensity in each wavelength 
supplied to a computer according to the related art; 

[003 900401 FIG. 2B illustrates a graph of Fast Fourier Transform of the reflectivity spectrum 
by using FIG. 2A. 

[004 000411 FIG. 3 illustrates a flowchart showing a method for measuring thickness of an 
optical disc according to the present invention; 

[0041-0042] FIG. 4 illustrates a lateral constructive view of an optical disc for a High Density- 
DVD according to the present invention; 
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[00420043] FIG. 5 A illustrates a graph showing spectrum data by wavelength by measuring an 
intensity of a reflective light according to a wavelength of a light according to the present 
invention; 

[004 ^0441 FIG. 5B illustrates a graph setting the reflective light as a vertical axis and a value 
that a refractive index is reflected by a function of a wavelength as a horizontal axis by using 
FIG. 5A; 

[004 400451 FIG. 5C illustrates a Fast Fourier Transform graph of the spectrum by wavelength 
by using FIG. 5B; 

[004 500461 FIG. 6 illustrates a graph showing a refractive index dispersion curve of a 
dielectric thin film with a thickness 30|im; and 

[004 600471 FIGS. 7 A and 7B illustrate graphs showing intervals between the reflective 
spectrums with respect to energy through whether the refractive index dispersion of the 
dielectric thin film is considered or not. 

DETAILED DESCRIPTION OF THE INVENTION 
f004? 4f00481 Reference will now be made in detail to the pr e f e rr e d example embodiments of 
the present inventio n, e xampl e s of which J hat are illustrated in the accompanying drawings. 
[00 48 1 FIG. [00491 FIG. 3 illustrates ata flowchart showing a method for measuring the 
thickness of an optical disc according to the present invention— ^FIG. 4 illustrates a lateral 
constructive view of an optical disc for a High Density-DVD according to an example 
embodiment of t he present invention— FIG. 5A illustrat e s is a graph showing spectrum data 
b ycomparing wavelength by m e asuring o nw ith intensity of a reflective ligh t according to a 
wav e l e ngth of a light according to th e pr e s e nt inv e ntion, FIG. 5B illustrat e s . FIG. 5B is a graph 
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setting the reflective light as a vertical axis and a value that a refractive index is reflected by a 
function of a wavelength as a horizontal axis by-using the data of F IG. 5 A, and . FIG. 5C 
illustrat e s is a Fast Fourier Transform graph of the spectrum by wavelength fusing the data of 
FIG. 5B. 

rOOiOl FIG. [00501 FIG. 4 illustrates thean optical disc fe f such as a High Density DVD 
(hereinafter referred to 'HD-DVD') appear e d b e for e th e footlighto as a n e xt gen e ration optical 
r e cording m e dium rec e nt . As illustrated in FIG. 4, maj^tiie layers of the HD-DVD a reinclude a 
cover layer (CL) 32a of ^.thickness about 80|im and a spacer layer (SL) 32b having thickness 
of lO^im, below the cover layer 32a. The cover layer 32a and spacer layer 32b are supported by 
substrate 30. Additional lavers mav occur in the optical disc bevond the three specifically 
identified. 

fO^O tfOOSl] An apparatus for measuring thickness of the optical disc, as illustrated in FIG. 1, 
includes a light source, an optical fiber, a lens, a substrate with a thin film, a monochromator, 
an optical measuring element arrangement, and a computer. 

[0053 -00521 By usin g Using the optical disc thickness measuring apparatus construct e d as 
described above, the thickness of the HD DVD used as a sampl e for m e asur e ment is d e t e ct e d as 
sp e otrum data by wavolongthQptigal disc such as an HD-DVD m^y bg mg^yrgd by detecting an 
intensity of thea reflective Ught according to the wavelength of the ligh t as spectrum data for 
each wavelength (Step SIO). The detected data are illustrated in FIG. 5 A. 
[0052] B e for e th e Fast Fouri e r Transform for th e thickn e ss m e asur e ment, talcing that th e 
r e fi-gotiv e ind e x vari e s according to th e wav e l e ngth into consid e ration, th e[00531 The detected 
spectrum data b yfor each wavelength i s then converted into spectrum data that th e r e fi-aotiv e 
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ind e x is r e fl e ct e d into th efor each wavelength into a spectrum value that is a function of a 
wavelength reflective of the refractive index ( Step S20). At that tim e , an 
[00541 An equation for processing the spectrum that th e r e fractive ind e x is refl e ct e d into th e 
fimotion of wav e l e ngth oo nm ay he expressed by t he following e quatio nE quation 3. 

[0053] [Equation 3] 

{00S4]- 

[0055] [Equation 3] 
[0056] 2n(>l)t/ = mJL 

[00571 2^(^ + = (m- 1)(A + AA) 
[00581_I f developing the above second equation, then 
[0057] 

[00580060] where. Aw = + AA) - n(;i) ^ if substituting the upper equation into the first 
equation and developing the substituted first equation, then 

[005 900611 ^ = (2Anc? / AA) + (A + A;1 / Al) => jf substituting the first equation, then 
{0060f 
{0061f 

[0062] M^)d = (lAAnd I AA) + ((A + AX) A I AX) 

[0063] 2{n{X) - XAn I AX)d = {X + AX)X I AX 

[0064] (2;iV A;1)((«(A)AA - XAX)l^)d = (X^ AA)X/AX 

[00651 2A{niX)/X)d = (A + AX)/ A = 1 + AA/X « l(AX/X « 1) 
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[00661 w here, the latest term can be neglected by applying a first order approximation. 
fO06 S00671 By using the.function relationship with respect to ^(^W^^) of the intensity of the 
light obtained according to the equation as described above, the apparatus can obtain the 
spectrum data fertwhgrs the refractive index is reflected into the function of wavelengt h. In this 
regmdj-where FIG. 5B illustrates a graph setting the reflective light as a vertical axis and a value 

n{X)l2X tba tin which a refractive index is reflected by a function of a wavelength as a 
horizontal axis. 

[006 600681 Finally, if the converted data in the previous st e p Step S20 is converted into a length 
of an interference area for representing the thickness of the optical disc through the Fast Fourier 
Transform, then a positio n the positions are determined where the intensity of the reflected light 
has a peak value. The position of each detected peak value becomes the thickness of the spacer 
layer and the cover layer (Step S30). 

[00670069] FIG. 5C illustrates a graph of talc e sh aving a vertical axis the intensity of the 
light determined b y the Fast Fourier Transform and a horizontal axis asof the interference area 
representing the thickness. 

[006 800701 As illustrated in FIG. 5C, a peak value app e ar e d occurs at a position-ef di on the 
horizontal axis4s- ^. This value app e ar e d a ppears when a refractive index ni with respect to the 

spacer layer is expressed as a function of wavelength of and converted by the Fast 

Fourier Transform , and a valu e of a position wh e re th e ^ JThis peak valu e app e ars represents the 
thickness of the spacer layer of the optical disc. Meanwhile, a peak value app e ar e d at a- 
position-ef d2 on the vertical axis is a value app e ar e d that occurs when a refractive index n2 with 
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respect to the cover layer is expressed as a function of wavelength of '^2(^)and converted by 
the Fast Fourier Transform , and a valu e of a position wh e r e th e. This peak value app e ars 
represents the thickness of the cover layer of the optical disc. 

f006 Wf 00711 The measurement of the thickness of the optical disc by using the Fast Fourier 
Transform by reflecting the refractive index into a function of wavelengt h according to the 
pr e s e nt inv e ntion will be described in detail through experimental values by usin g associated 
with measurement of the thickness of ^a thin film. 

[00700072] FIG. 6 illustrates a graph showing a refractive index dispersion curve of a 
dielectric thin film with a thickness of SOfxm. 

f0071 4f00731 As illustrated in FIG. 6, by reflecting the refractive index dispersion when the 
Fast Fourier Transform is performed, it can be xmderstood that the peak width decreases and the 
peak size increases through the reflectivity spectrum analysis by the dielectric thin film with a 
thickness of SO^im. At that time, the dielectric thin film is defined as sole thin film to exist in 
ambient without a substrate layer for supporting the dielectric thin film. 

[00720074] This fact appears more remarkably after p e rformin g applying the Fast Fourier 
Transform to cases whether the refiractive index is both r eflected erand no t reflected . Referring 
to FIGS. 7A and 7B, FIG. 7A illustrates a Fast Fourier Transform graph of the reflective 
spectrum when the refractive index dispersion of the dielectric thin film is not consideredrSftd- 

^ ^FIG. 7B illustrates a Fast Fourier Transform graph of the reflective spectrum when the 

refi'active index dispersion of the dielectric thin fihn is reflected as a function of wavelength. 
[007 ^00751 As illustrated in FIGS. 7 A and 7B, in a Fast Fourier Transform graph when the 
refractive index dispersion is reflected, the peak width largely decreases from 1.61p,m, to 
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0.44^m, while the peak size increases about 1.7 times. These incr e m e n ti ncrements of the peak 
size and d e or e m e n t decrements of the peak width are reasonable from which a vibration interval 
of the reflective index spectrum becomes uniform when the refractive index dispersion is 
reflected so that iLclearly represents the effect of the Fast Fourier Transform considering the 
refractive index. 

[00740076J Another effect obtained when the refractive index dispersion is considered appears 
at a thickness value obtained after the Fast Fourier Transform. FIG. 7A illustrates feea graph 
repr e s e nting th e h aving a horizontal axis with the thickness by fixing the refractive index to 
n=1.6 and performing the Fast Fourier Transform. Since the dielectric thin film has different 
refractive index according to the wavelength as illustrated in FIG. 6, the obtained thickness 
value varies according to the refractive index for dividing a Fourier peak position. 
FQ07 S00771 Therefore, feat-the thickness value 30.7 l|xm estimated from the peak in FIG. 7A is 
different from the actual thickness 0.71 tx m. is caus e d by whic h . This occurs since the us e d 
refractive index of n=1.6 does ae mot properly reflect prop e rly an effective refractive index of 
the reflectivity spectrum ranges in.the region of 500nm to 900nm7-aiidj_J[t can be regarded an 
error bosioally oom e s fro m since it does not tekiftgtake the refractive index dispersion into 
consideration. 

[007 600781 However, since the refractive index dispersion is precisely reflected in FIG. 7B 
illustrating the Fast Fourier transform graph for considering the refractive index dispersion, a 
precise thickness value of 30.0^m is estimated so that a rapid analyzing speed and a high 
precise thickness measurement can be achieved. 
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IOOW0079] As described above, the method for measuring thickness of an optical disc by 
using the interference effect of the optical disc's layer has advantages as follows. 
f00?8 1f 00801 First, in the measurement of the thickness of the optical disc through the peak 
value position of the reflected light in the interference area obtained by the Fast Fourier 
Transform of the reflectivity spectrum in which the refractive index dispersion of the thin fihn 
is reflected by adding an extra refractive index, the measurement of the thickness of the optical 
disc can be performed precisely during koopin g while maintaining a rapid analyzing speedy so 
that the reliability of the measuring apparatus can be increased and the productivity can be also 
e nhanc e enhanced . 

[00790081] Second, according to the present invention, regardless of type and structure of the 
disc, a reflective layer of uniform area ratio formed on a substrate, or multiple layer thin film 
formed on the substrate, the thickness of the optical disc can be measured with a high precision 
and a rapid analyzing spee d as well as th e . The measuring method of the present invention can 
also b e applied to a spectrum having a vibration by the interference of the thick thin film such 
as a transmittance spectru m, so that through demands for d e manding a having real-time 
measurement and a pr e cis e analysis from th e industri e s con be corr e spond e d by m e ans of th e 
rapid analyzing sp ee d and th e high pr e cise m e asur e ment of th e thiolmess of th e optical disc, and 
th e comp e tition power in th e local and abroad mark e ts can b e enhano e dw ith precise analysis . 
f008 W[00821 It will be apparent to those skilled in the art than various modifications and 
variations can be made in the present invention. Thus, it is intended that the present invention 
covers the modifications and variations of this invention provided they come within the scope of 
the appended claims and their equivalents. 
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